Key indicators: single-crystal X-ray study; T = 110 K; mean (C-C) = 0.020 Å; disorder in main residue; R factor = 0.046; wR factor = 0.099; data-to-parameter ratio = 21.9.
Related literature
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Experimental
Crystal data [Cu 4 I 4 (C 12 H 27 P) 4 ] M r = 1570.98 Trigonal, P3c1 a = 22.006 (2) Å c = 23.276 (2) Å V = 9761.6 (15) Å 3 Z = 6 Mo K radiation = 3.31 mm À1 T = 110 K 0.23 Â 0.19 Â 0.13 mm
Data collection
Bruker Kappa APEXII DUO diffractometer Absorption correction: numerical (Blessing, 1995) T min = 0.674, T max = 0.852 89010 measured reflections 13415 independent reflections 10102 reflections with I > 2(I) R int = 0.039
Comment
Tetrameric phosphane complexes of copper(I) halides are extensively used as reagents for copper-mediated conjugate additions (Krause, 2002) . Furthermore, theoretical interest stems from the fact that all group 11 elements in the oxidation state +1 are prone to form clusters with potential metal-metal distances (Jansen, 1987) . Thus, theoretical work on such complexes (XCuPR 3 ) 4 has been carried out to study structures and stabilities in detail (Schwerdtfeger et al., 2004; Hermann et al., 2001) . However, the plethora of structural information on these compounds came from X-ray crystal structure analyses from various copper(I) halide phosphane complexes (Gill et al., 1976) . For monophosphanes, different structural motifs were found, e.g. monomers, µ 2 -halide dimers or µ 3 -halide bridged tetramers resulting in coordination numbers of 2, 3, or 4 for copper(I) which seemed to be mostly dependent on the phosphane. Sterically bulky phosphane ligands such as trimesitylphosphane (mes 3 P) (Alyea et al., 1985) , tris(2,4,6-trimethoxyphenyl)phosphane (tmpp) (Baker et al., 1994; Bowmaker et al., 1989) or triscycloheptatrienylphosphane (Herberhold et al., 2003) led exclusively to monomeric complexes with a linear X-Cu-P orientation. Phosphanes with moderate steric bias resulted in the formation of µ-halide-bridged dimers e.g. for PCy 3 , PBu 3 , and mixed aryl phosphanes (Moers & Op Het Veld, 1970; Churchill & Rotella, 1979; Soloveichik et al.,1992; Ainscough et al., 2001; Bowmaker et al., 1992; Bowmaker et al., 1994; Hadjikakou et al., 1993; Ramaprabhu et al., 1993; Ramaprabhu et al., 1998) . In contrast, sterically less demanding phosphane ligands preferred the formation of tetrameric complexes. In this case, two different structures are possible, a pseudo-cubane structure 1 with triply-bridging halides [Cu(µ 3 -X)PR 3 ] 4 which was observed for PMe 3 (X = I) (Bowmaker et al., 1999) , PEt 3 (X = Cl, Br, I) (Churchill & Kalra, 1974; Churchill, DeBoer, Donovan, 1975; Churchill, DeBoer, Mendak, 1975) , t-Bu 3 P (X = Br, I) (Goel & Beauchamp, 1983; Medina et al., 2005) , PMePh 2 (X = I) (Churchill & Rotella, 1977) , and PPh 3 (X = Br, Cl, I) or an open-step tetramer 2 which was observed for PPh 3 (X = Br, I) (Churchill & Kalra, 1973; Churchill & Kalra, 1974; Churchill, DeBoer, Donovan, 1975; Churchill, DeBoer, Mendak, 1975; (Fig. 1 ). It had already been noted that the preferred structure seemed to strongly depend on the solvent, with toluene favoring the cubane structure and chloroform favoring the step isomer while acetonitrile gave mixtures . Similar solvent effects were also reported by Herberhold et al. (2003) . Although the known tri-n-butyl phosphane complex [n-Bu 3 PCuI] 4 had already been characterized by using X-ray crystallography (Wells, 1936) , no atomic coordinates, bond lengths or bond angles were reported. Only two space groups C3c and C3c were proposed giving preference to the latter (Mann et al., 1936; Wells, 1936) . Thus, we decided to reinvestigate the crystal structure of [n-Bu 3 PCuI] 4 ( Fig. 2-4 ). The copper(I) complex was prepared by treatment of anhydrous CuI with n-Bu 3 P in a two-phase mixture of a saturated aqueous solution of potassium iodide and diethyl ether (Whitesides et al., 1971) . The crude product was dissolved in acetone/methanol (9:1) and cooled to -78°C, whereby the tetrameric complex precipitated. We were able to confirm the previously postulated tetrameric complex with a distorted heterocubane structure similar to the AsEt 3 derivative (Wells, 1936 Further comparison of the structure with other tetrameric copper complexes (Medina et al., 2005) reveals very similar Cu-P bond lengths despite the different σ-donor/π-acceptor strengths of Et 3 P, n-Bu 3 P, Ph 3 P and t-Bu 3 P, respectively.
Furthermore, complex [n-Bu 3 PCuI] 4 has the largest I-Cu-I angle and the smallest Cu-I-Cu angle as compared to the other complexes (Churchill & Kalra, 1974; Medina et al., 2005) . Due to this very strong distortion the structure could be better described as two interpenetrating copper and iodine tetrahedrons.
Experimental
The title complex was prepared analogously to a literature procedure (Whitesides et al., 1971) ; for characterization, the precipitate obtained at -78°C was dissolved in acetone and crystallized at -50°C. Yield: 46%. M.p. 75-76°C [75°C (Mann et al., 1936 , Wells, 1936 , Whitesides et al., 1971 
Refinement
H atoms were only partly located in difference fourier map, because of the strong disordered behaviour of the n-butyl moieties. They are refined with fixed individual displacement parameters using a riding model with C-H ranging [U(H) = 1.2 U eq (C) for methylene groups and [U(H) = 1.5 U eq (C) for methyl groups] from 0.98 to 0.99 Å. In addition, the methyl groups are allowed to rotate but not to tip. A free refinement of the anisotropic displacement parameters of the nbutyl moieties was not possible, so an ISOR = 0.01 instruction for all carbons was established, which solves this problem.
The carbon atoms C17, C18, C21, C28, C37 and C38 were identified as discrete disordered atoms. Their distances were fixed by an DFIX instruction (intervall 1.50 to 1.54 Å) forced by an estimated standard deviation of 0.01 Å. The population parameters of the disordered positions were refined free. The main domains converged with population fractions of 0.55 (C17, C18), 0.66 (C21), 0.52 (C28) and 0.58 (C37, C38). The distances C22-C23, C23-C24 and C39 -C40 were also fixed by the DFIX command by the same conditions as above.
Nevertheless it was not possible to prevent the detection of some B-alerts in the checkcif utility. There are two short intermolecular H···H distances of 1.76 Å and 1.95 Å and also a large U eq (max)/U eq (min) ratio of the carbon atoms. The C -C bond precision is 0.0205 Å, which is low. All these diagnostic results have their reason in the high flexibility of the n-butyl moieties in context to the high electron density localized on the heavy elements (iodine) at the rigid core of the system. Even the terminal carbons show a large elongation of their displacement parameters which is also a sign of the dynamic behaviour of the n-butyl moieties. The detection of the large Hirshfeld Test value of bond C23-C24 (7.5 su) yields in the difficulties resolving the discrete disorder positions by the same reasons.
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Figure 1
Possible tetrameric core structures based on cubane (1) or open-step framework (2). Core geometry.
Tetra-µ 3 -iodido-tetrakis[(tri-n-butylphosphane-κP)copper(I)]
Crystal data where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 1.62 e Å −3 Δρ min = −1.16 e Å −3 Absolute structure: Flack (1983) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.072 (9) 0.070 (9) 0.060 (8) 0.040 (7) 0.006 (7) 0.000 (7) C18 0.073 (9) 0.066 (9) 0.057 (8) 0.024 (7) −0.004 (7) −0.011 (7) (7) 0.021 (7) −0.042 (7) C20 0.138 (10) 0.200 (11) 0.128 (9) 0.078 (8) 0.019 (7) 0.018 (8) C21 0.094 (10) 0.075 (10) 0.073 (11) 0.037 (7) 0.005 (7) 0.019 (7) (11) 0.001 (10) −0.017 (10) C25 0.096 (7) 0.081 (7) 0.099 (7) 0.046 (6) 0.000 (6) −0.019 (5) C26 0.098 (7) 0.077 (7) 0.092 (7) 0.031 (6) −0.006 (6) −0.010 (5) C27 0.121 (9) 0.119 (9) 0.133 (9) 0.045 (7) 0.009 (7) 0.001 (7) (14) 0.000 0.000 C29 0.101 (7) 0.104 (7) 0.032 (4) 0.043 (6) 0.009 (4) 0.011 (4) C30 0.097 (7) 0.103 (7) 0.058 (5) 0.044 (6) 0.000 (5) 0.019 (5) C31 0.128 (9) 0.116 (8) 0.094 (7) 0.045 (7) −0.010 (7) 0.008 (6) C32 0.155 (10) 0.142 (9) 0.120 (9) 0.059 (7) 0.011 (7) 0.019 (7) I5 0.0761 (5) 0.0761 (5) 0.0270 (4) 0.0380 (2) 0.000 0.000 I6 0.0866 (5) 0.1004 (5) 0.0381 (3) 0.0465 (4) 0.0095 (3) −0.0011 (3) Cu5 0.0833 (9) 0.0823 (9) 0.0354 (5) 0.0393 (8) 0.0014 (6) −0.0012 (5) Cu6 0.0944 (10) 0.0944 (10) 0.0285 (9) 0.0472 (5) 0.000 0.000 P5 0.095 (2) 0.095 (2) 0.0269 (18) 0.0477 (11) 0.000 0.000 C33 0.089 (7) 0.099 (7) 0.058 (6) 0.042 (6) 0.005 (5) −0.005 (5) C34 0.092 (7) 0.090 (7) 0.059 (5) 0.052 (5) 0.002 (5) −0.004 (5) C35 0.092 (7) 0.102 (7) 0.102 (7) 0.046 (6) 0.046 (10) 0.059 (10) 0.049 (9) 0.022 (7) 0.005 (7) 0.003 (7) C38A 0.060 (10) 0.075 (11) 0.060 (10) 0.033 (8) 0.010 (7) 0.005 (8) C39
0.133 (9) 0.143 (9) 0.149 (9) 0.074 (7) 0.027 (7) 0.053 (7) (7) −0.023 (7) −0.043 (7) C45 0.103 (7) 0.092 (7) 0.081 (6) 0.056 (6) 0.013 (5) 0.008 (5) C46 0.093 (7) 0.084 (6) 0.069 (6) 0.050 (5) 0.011 (5) 0.006 (5) C47 0.096 (7) 0.095 (7) 0.098 (7) 0.055 (6) 0.002 (6) 0.002 (6) (3) H26A-C26-H26B 107.9 I1 ii -Cu2-Cu1 i 107.62 (5) C28-C27-C28A 67.7 (15) Cu1 ii -Cu2-Cu1 i 59.60 (4) C28-C27-C26 114.9 (16) P1-Cu2-Cu1 144.98 (3) C28A-C27-C26 107.6 (18) I1 i -Cu2-Cu1 107.62 (5) C28-C27-H27A 108.5 I1-Cu2-Cu1 59.43 (3) C28A-C27-H27A 46.1 I1 ii -Cu2-Cu1 58.09 (3) C26-C27-H27A 108.5 Cu1 ii -Cu2-Cu1 59.60 (4) C28-C27-H27B 108.5 Cu1 i -Cu2-Cu1 59.60 (4) C28A-C27-H27B 141.0 C1-P1-C1 i 102.6 (3) C26-C27-H27B 108.5 C1-P1-C1 ii 102.6 (3) H27A-C27-H27B 107.5 C1 i -P1-C1 ii 102.6 (3) C28-C27-H27C 133.1 C1-P1-Cu2 115.7 (3) C28A-C27-H27C 110.2 C1 i -P1-Cu2 115.7 (3) C26-C27-H27C 110.2 C1 ii -P1-Cu2 115.6 (3) H27A-C27-H27C 67.0 C2-C1-P1 114.9 (6) H27B-C27-H27C 42.4 C2-C1-H1A 108.5 C28-C27-H27D 43.5 P1-C1-H1A 108.5 C28A-C27-H27D 110.2 C2-C1-H1B 108.5 C26-C27-H27D 110.2 P1-C1-H1B 108.5 H27A-C27-H27D 139.8 H1A-C1-H1B 107.5 H27B-C27-H27D 69.8 C1-C2-C3 112.2 (8) H27C-C27-H27D 108.5 C1-C2-H2A 109.2 C27-C28-H28A 109.5 C3-C2-H2A 109.2 C27-C28-H28B 109.5 C1-C2-H2B 109.2 C27-C28-H28C 109.5 C3-C2-H2B 109.2 C27-C28A-H28D 109.5 H2A-C2-H2B 107.9 C27-C28A-H28E 109.5
